Older adults frequently suffer from sleep disturbances. In addition, with increasing age such disturbances may accompany mild cognitive changes that are symptomatic of a range of neurodegenerative conditions. There is increasing evidence that sleep may represent a prodromal symptom, risk factor or agitator of further decline in cognitive functioning of the older adult. Current research is focused on understanding the impact that effective sleep treatments have on a range of psychological and cognitive variables.
Background
Given the challenges posed by changing life circumstances and the accumulation of threats to physical health in later life, it is no surprise that almost 40% of those age 65 and older report experiencing some form of sleep disruption and as many as 70% of older adults suffer from four or more comorbid illnesses (Foley et al. 2004 ). The U.S. population of those age 65 and older is currently estimated at 40 million and this population is projected to double in the next 30 years underscoring the importance of attention and further research on geriatric sleep and treatments for common disturbances.
There are age dependent changes that occur and involve changes in the continuity, depth, and distribution of sleep. Age in itself does not necessarily equate to sleep disturbance but rather the interplay between health and psychosocial status in conjunction with the developmental changes combine to impact an older adult's sleep. There is a shift towards advance phase sleep leading to earlier bedtimes and wake times that starts during middle age (Buysse et al. 2005) . Additional developmental changes in sleep include an increase in sleep fragmentation related to increase in N1 sleep architecture, a lighter sleep stage, at the expense of a decrease in N3 deep sleep (Dijk & Czeisler 1995) . In the sleep regulatory system, N3 sleep is related to an increase in homeostatic pressure that builds throughout the day and in younger adults leads to shorter sleep onset and deep sleep the first half of the night of sleep (Cajochen et al. 2006) . Following adolescence we experience a progressive decline in our amount of deep sleep with each passing decade. For those 65 and older there is very little deep sleep, contributing to an increase in sleep latency, increased awakenings after sleep onset, and decrease in sleep efficiency.
These changes, in combination with decreases in daytime activity levels, declines in health status and an increase in prescriptions to treat emerging health issues, can ultimately result in significant sleep disruptions and daytime symptoms, as well as compensatory behaviors, such as daytime napping (Bliwise et al. 2005) . The prevalence rate of sleep disorders in older adults, such as obstructive sleep apnea is estimated 7% in women and 18% in men, periodic limb movement disorder at 3%, restless legs syndrome at 8%, can impact the quality and quantity of sleep and leave the older adult at risk for the development of insomnia (Bixler et al. 1998; Ohayon & Roth 2002) . Insomnia is the most common sleep disorder across the lifespan and is estimated to be 35-40% in those age 65 and older (Foley et al. 1999) . Insomnia is associated with negative consequences including depressive symptoms, decreased quality of life, increase in healthcare utilization and daytime impairment (Foley et al. 2004; Hatoum et al. 1998 ). There is cross sectional evidence that insomnia is related to an increased risk for dementia (de Almondes et al. 2016) . McKinnon, et al. (McKinnon et al. 2014 ) and colleagues have found that depression symptoms, impaired cognition, antidepressant use, alcohol consumption, in addition to age and education, were all significant predictors of poor sleep quality. Not only does poor sleep negatively impact one's quality of life, studies have revealed that older individuals with both long and short sleep duration have increased rates of all-cause mortality (da Silva et al. 2016 ).
Mild cognitive impairment-what is it?
Mild cognitive impairment (MCI) is the transitional state between intact cognitive functioning and dementia. The most common diagnostic criteria was proposed by Petersen (Petersen 2004) , and includes those with a decline in cognitive functioning, while controlling for their particular age and education level, combined with a relatively intact performance in activities of daily living. Further subtypes have also been delineated, to specify impairment that is primarily due to memory impairment (amnestic MCI; aMCI) and impairment in cognitive domains other than memory (nonamnestic MCI; naMCI) (Petersen 2004) .
Rates of conversion from MCI to dementia is at about 10-15% per year (Petersen et al. 2001) . Because the identification of those in this transitional stage (between normal cognition and mild cognitive impairment) can be difficult, clinical symptoms and biomarkers that characterize this stage, including a range of neuropsychiatric symptoms such as sleep disturbance, depression and apathy, may be helpful in identifying patients that may be at an increased risk for continued decline. Sleep disturbances are one of the most common neuropsychiatric symptoms and appear to signal individuals at greater risk of conversion to dementia. This is particularly relevant given the high prevalence of sleep issues in older adults with mild cognitive impairment, with studies detecting rates that range from 14 to 59% (Beaulieu-Bonneau & Hudon 2009), and some as high as 63% (McKinnon et al. 2014) , who report experiencing poor sleep quality.
Relationship between sleep and cognitive functioning
Although some sleep parameters change with normal aging as stated above, such changes are more prevalent and severe in individuals suffering from cognitive impairment, including those with preclinical signs and symptoms and those with detectable impairment, such as MCI (Lyketsos et al. 2002; Muangpaisan et al. 2008; Ramakers et al. 2010) , and there is growing evidence for a shared neurodegenerative etiology. Sleep disturbances in quality and quantity of sleep, as well as disruption of the sleep-wake rhythm, occur frequently in older adults with cognitive impairment and there is growing support for a bidirectional relationship (Guarnieri & Sorbi 2015) . Studies looking at cognitive functioning have linked sleep disturbance prospectively to the emergence of cognitive deficits (Beaulieu-Bonneau & Hudon 2009), and have identified sleep issues as part of a prodromal syndrome of various neurodegenerative diseases (Postuma et al. 2009 ). Sleep disturbance may also represent an early marker or a risk factor for cognitive decline. For example, a study by Diem, et al. (Diem et al. 2016) found that lower sleep efficiency and longer sleep latencies in older women were associated with a 1.5 and 1.4 greater odds of developing MCI or dementia within five years. In addition, worsening sleep problems are often observed to occur in conjunction with deteriorating cognitive symptoms (Moe et al. 1995) , raising the question of whether they each play a part in fueling the other.
Studies on sleep and cognitive functioning have concluded that there is a strong relationship between disturbed sleep and an increased risk for cognitive impairment and dementia (Lim et al. 2013) . Contributing to this idea, alterations in sleep architecture have been found in those with MCI and appear to negatively impact memory consolidation (Westerberg et al. 2012) , which is believed to contribute to declines in memory functioning. Further support for this hypothesis comes from a study that tested the impact of artificially improving slow-wave sleep in older adults to determine if it would improve their subsequent performance on memory tests, when compared to a sham control group. Initial findings have found that the use of transcranial current oscillating at a slow frequency in the treatment group during sleep resulted in an improved performance on memory tests before and after the sleep period (Westerberg et al. 2015) .
Sleep has been found to have strong ties to changes in the brain associated with neurodegenerative diseases. A recent study by Varga, et al. (Varga et al. 2016) found higher levels of amyloid beta in the brain, the deposition of which remains a hallmark of Alzheimer's Disease (AD), which are associated with reduced and fragmented slow-wave sleep. Further, the daytime sleepiness and nighttime experience of parasomnias, such a rapid eye movement (REM) behavior disorder (RBD), observed in association with Lewy Body and Parkinson's related dementia, provide yet another example of disturbed sleep's connection to cognitive impairment. Naismith, et al. (Naismith et al. 2014) found that circadian misalignment, and specifically advanced timing of melatonin secretion, were evident in MCI patients and also associated with disturbed sleep and poor performance on memory tests.
Clinically, neuropsychiatric symptoms, also referred to as behavioral and psychological symptoms of dementia (BPSD), are more prevalent in individuals with MCI than their counterparts with normal cognition, specifically, depression, sleep disturbances and apathy (Kohler et al. 2016) , and often impact individuals quality of life. A study by Yu, et al. (Yu et al. 2016 ) studied individuals with MCI and found that the sleep parameters measured (e.g., sleep latency, disturbances, duration and efficiency) were worse in those with MCI, even when analyses controlled for clinical levels of anxiety and depression.
Sleep plays a crucial role in learning and memory across the lifespan (Poe et al. 2010) , and thus is it not surprising that it is also associated with the decline in cognitive functioning. Several prospective studies have linked several sleep disturbances to a range of cognitive deficits and impaired performance, including measures assessing areas such as memory, attention, executive functioning and problems solving skills [see excellent review of studies in Yaffe, et al. (Yaffe et al. 2014) ]. It appears that this connection between sleep disturbance and MCI is strong, regardless of MCI subtype. Naismith, et al. (Naismith et al. 2010 ) looked at a small group of individuals with the nonamnestic subtype of MCI and found that objectively assessed disturbed sleep was associated with impaired attention and executive functioning, while increased arousals during rest were related to poorer nonverbal learning and problem solving.
Questions under study in this area
Assessing sleep in older adults could help in the identification of those at risk for cognitive decline. In addition, sleep may be a target that, when treated, could alter the trajectory of cognitive decline, thereby providing a relatively efficient and cost-effective treatment that would positively impact outcomes of a large number of patients.
It may also be that targeting other factors that impact sleep may ultimately impact cognitive functioning as well. For example, given the connection of depression and antidepressant use to sleep quality in MCI (McKinnon et al. 2014) , researchers have made the case that treating depression may also have a broader impact on individual functioning.
Our research
One key question, under investigation by our group, is whether established treatments can be successfully used with individuals who have both impaired sleep and MCI. Due to concerns of polypharmacy, cognitive impairment effects, and risk of falls with the use of sleep medications in older adults the use of nonpharmacological treatments, specifically cognitive behavioral therapy for insomnia (CBT-I), is an effective and optimal treatment choice for those with late life insomnia. CBT-I treatment outcomes have not been shown to be age related and are comparable to younger and middle aged adults (Morin et al. 1994; Morin et al. 2006 ). Significant improvements with CBT-I treatment have been seen in sleep quality, time to sleep onset, time awake after sleep onset, and sleep efficiency for those 55 and older (Irwin et al. 2006) . Older adults with insomnia found CBT-I to be a more acceptable form of treatment, have less side effects, more beneficial for daytime functioning, and long-term effectiveness over pharmacotherapy for insomnia (Morin et al. 1992) .
A CBT-I treatment was disseminated by a clinical psychologist to older adults with insomnia and MCI in two residential care facilities for the elderly (RCFEs). The study involved a two-arm individual randomization to 6 sessions of CBT-I intervention or six sessions of active control nutrition class. It was hypothesized that those that received the CBT-I intervention would experience improvement in assessed sleep parameters and, secondarily, positive changes in their performance on cognitive testing.
Participants were 28 older adults (mean age, 89.36 years), meeting the key inclusion criteria of meeting diagnostic criteria for insomnia according to the DSM-IV (APA 1994) , and the core clinical criteria for MCI used by healthcare workers without access to advanced imaging techniques (Albert et al. 2011 ) (i.e., subject memory complaints, preservation of independence in functional abilities, performance on at least one of the cognitive tests at 1.5SD below published age/educational matched normative means, and not demented). In addition to having a positive effect on subjective (i.e., Insomnia Severity Index ratings) and objective ratings of several sleep parameters (i.e., improved sleep latency, wake after sleep onset, and sleep efficiency), we also found a positive improvement in the treatment group on an outcome measure of executive functioning (D-KEF Color-Word Interference Test) (Cassidy-Eagle et al. 2015) . Deficits in executive processes (e.g., planning, problem solving), memory and language functions are, more frequently observed in MCI and are particularly important to assess in light of their potential impact on treatment given the cognitive processing involved in CBT. Nonpharmacological interventions such as CBT-I may be beneficial for people with MCI. Further study of CBT-I in people with MCI is warranted. Such research should include pre-and post-intervention measures of cognitive functions. Targeting of sleep has the potential to have broad public health impact, including in people with MCI.
Future opportunities
Over the entire trajectory of cognitive decline, does sleep play a role in causing or exacerbating cognitive impairment and/or is it the result of cognitive decline? In addition to studies that will further elucidate the neuronal overlap and causal mechanisms in these conditions, more work in this area is needed as the results could be incredibly useful in designing effective, personalized treatments.
There are many possible targets for intervention that merit further study and consideration for their potential role in preventing or slowing cognitive decline experienced by older adults. Given the impact of various medications, non-pharmacological interventions are of great interest. Exercise, increased socialization, bright-light therapy, and CBT-I all show promise and merit additional study. Naismith, et al. (Naismith et al. 2014 ) and colleagues have called for more focused studies on the potential use of supplemental melatonin as a potentially effective treatment of sleep-wake disorders in those with MCI. Treating older patients with sleep apnea with continuous positive airway pressure (CPAP) devices could also slow down or delay further the deterioration in cognitive functioning observed in MCI and AD (Yaffe et al. 2011; Canessa & Ferini-Strambi 2011) .
Access to effective treatments is also a growing concern that needs to be addressed. Sleep disturbances in older adults are commonly addressed by sleep specialists. Given the shortage of clinicians specializing in assessing and treating sleep difficulties, it is imperative that sleep be evaluated routinely in other clinical settings and that alternative implementation models, such as using sleep coaches (Alessi et al. 2016) , be considered to reach more patients in need of effective treatments. Given the high prevalence of sleep disturbances, assessments need to be incorporated in regular health checks and referrals made for a thorough diagnostic workup when disturbances are reported, particularly given the evidence that it may represent a prodromal state of dementia. Future work also needs to include prospective studies that utilize both subjective and objective measures of sleep parameters, in order to confirm or challenge studies to date that support a relationship between self-reported sleep disturbances (e.g., sleep quality or quantity measures).
Conclusions
Although challenging, sleep represents a clear, easily identified and measured, modifiable risk factor that plays a significant role in neurodegenerative conditions and has the potential to significantly impact the consequences of several major public health problems.
